The immunity which human beings develop towards vaccinia, after a successful vaccination, is the classical example of an artificially induced active immunity. The duration of the immunity to vaccinia is variable but extends frequently over many years. Many animals are subject to inoculation with vaccinia and they show, as in the case of man, a state of immunity following the disappearance of the successful vaccination. The calf, as is well known, is now generally employed for the production of the vaccine-virus which is used to protect human beings from smallpox. At one period in the development of specific serum therapy an attempt was made to utilize the immune principle which it was presumed existed in the blood of animals which have passed through a successful vaccination. The hope was entertained that, possibly, the serum of the vaccinated calf might exercise curative properties upon persons suffering with smallpox. This hope has not been realized. In order to prove the existence of immunity principles in the blood of vaccinated animals the attempt was made to protect, by inoculation of the blood of these calves and monkeys, fresh animals from vaccinia. In spite of some successful results the experiment may be said to have often failed.' -The failure of the blood of vaccinated animals regularly to confer passive immunity or to exert curative effects cannot be held to disprove the existence in the blood of immunity substances. Tests of the kind mentioned are exceedingly gross. Moreover, in the case of vaccinia and variola we labor, at present, under the great disadvantage of being ignorant of the nature of the specific microorganisms of the diseases. Once in our hands it is probable that these microorganisms would quickly yield evidences of antibody or immunity-principle formation. Hence the question arises whether by any other method than has thus far been employed the existence of antibodies can be shown for vaccinia and for smallpox.
Should it be possible to demonstrate, by an accurately quantitative method, the existence of antibodies in one of these diseases it would not only be safe to assume the existence of antibodies in the other, but the way would be opened to ascertain whether the immunity principles of vaccinia and smallpox are qualitatively identical. I have succeeded, by the application of the Bordet-Gengou method of fixing haemolytie complement, in proving the existence of antibodies in the blood serum of vaccinated calves; and I am engaged upon the study of smallpox with the same method. Should this second investigation yield positive results a new diagnostic measure for this disease would be available.
As long ago as i9Ol Border and Gengou 2 showed that ~f fresh guinea-pig complement was added to typhoid, cholera, plague, or anthrax bacilli which had been treated previously with their specific anti-sera, the complement would be bound or absorbed by the bacilli. The test of the union of complement and bacilli was made with sensitized rabbits' erythroeytes, which remained intact under these conditions, but underwent hsemolysis in the control experiments in which the anti-sera were omitted.
By means of this method the existence of antibodies was demonstrated in the serum of a horse immunized to plague bacilli, and in the blood of two persons who had recently recovered from typhoid fever. MaN voz 3 in the same year employed this method to show the presence of antibodies in the blood of animals inoculated with cultures of yeast. The later work along this line, through which antibodies for several microorganisms in animals, and in the blood of persons suffering from various diseases, have been demonstrated, dates from Moreschi's 4 experiments on the combination of complements and specific immune sera and Neisser and Sachs' ~ application of the principles of these methods to the detection of traces of blood in medico-legal practice.
The credit of using practically the method of complement absorption for the detection of antibodies in infectious diseases must be given to Wassermann and his pupil Bruck, ~ since in the hands of Bordet and Gengou no general application was made of their discovery. But the revival of the method followed from Moreschi's and Neisser and Sachs' experiments. Wassermann and Bruck T employed it to demonstrate, as they thought, the existence of tuberculin in tuberculous foci, and Wassermann, Neisser and Bruck s and Detre 9 believed that by its means they discovered the existence of antibodies in syphilis. Kolle and Wassermann10 have applied the method successfuUy to the estimation of the quantity of immune bodies which exist in the anti-serum prepared in the horse for lhe diplococcus of epidemic meningitis.
On account of the similarity of methods used for the study of syphilis by Wassermann, Neisser, and Bruck, and vaccinia by myself, I will give briefly the method employed by the former, prefacing what I say by the statement that my experiments were well advanced when their paper on syphihs appeared. Although the specific organism of syphilis has now probably been discovered, yet so long as it cannot be cultivated and obtained in mass, resort must be had to pathological products which contain the microorganism in numbers large enough to yield a specific extract of them, or an extract, at least, containing the specific products of their growth and metabolic activities. They employed for extraction condylomata and the organs of a still-born syphilitic child; and for the immune bodies they used the inactivated blood serum from cases of syphilis. Wassermann, Neisser, and Bruck found that when these extracts were combined with the inactivated syphilitic serum and fresh guinea-pigs' serum, the mixture having been placed in the incubator for one hour, that the subsequent addigon of sensitized corpuscles, which in the control tubes underwent hmmolysis, were in the other tubes still intact at the end of twenty-four hours.
For the purposes of the studies on vaccinia the vaccine virus and serum of yaccinated calves were obtained through the courtesy of the H. K. Mulford and Parke and Davis companies, to whom I wish to express my indebtedness. I wish to thank, especially, Dr. J. J. Kinyoun of the Mulford Company for repeated acts of kindness. The normal sera of calves and oxen were obtained directly from slaughter-houses. The inactivation of all the sera was conducted in a water-bath, at 56° C., this temperature being maintained for one half-hour. The virus was ground finely and suspended in 0.85 per cent. salt solution. The preservation was made with o.4 per cent. carbolic acid or with toluol. The emulsions thus obtained were shaken for three or four days in the mechanical shaker and then subjected to centrifugalization until clear, the fluid portion being decanted from the sediment. This extract was used in the experiments.
Each sample of extract was tested (i) for hmmolytic action on blood corpuscles, and (2) for its absorbing power for complement. All the extracts when used in relatively large amounts caused hmmolysis, an action which is to be attributed, probably, to the effects of tissue-products described by Metschnikoff 11 and Korschtm and Morgenroth. 12 As a rule one cubic centimeter of the vaccine-extracts produced in twenty-four hours complete hmmolysis of one cubic centimeter of 5 per cent. washed hens' corpuscles, and o.8 cubic centimeter of the extracts produced partial hmmolysis. The extracts when used in large quantities also combined or neutralized the action of complement.
An amount of the extract as large as 0.6 cubic centimeter would, if permitted to act for one hour at 37 ° C., annul the hmmolysis of washed corpuscles and inactivated serum added subsequently. Hence in every experiment the action of the extract, either in producing hmmolysis or in annulling it by fixation of complement, was carefully excluded through the employment of sufficient controls.
The h~molytic serum was obtained by inoculating rabbits with washed hens' corpuscles, and the hens' corpuscles used for this purpose and for the hmmolytic tests were washed, after removal of the serum, three to four times with salt solution. As complement fresh guhaea-pigs' serum was employed, the amount required being 0.05 cubic centimeter.
The quantities of each serum required to bind the complement in the presence of the vaccinial extract was determined, but in the table only the smallest quantity is given. The method of conducting the experiments was to mix the extract, calf's or ox's serum, and complement and add salt solution to bring the volumes uniformly to two cubic centimeters. The tubes were then placed in the thermostat for one hour, after which the hens' corpuscles and rabbits' immune serum, the latter diluted uniformly to o. 5 cubic centimeter, were added. After shaking to secure mixture of all ingredients, the tubes were returned to the thermostat for two hours, and then placed in the refrigerator for eighteen hours. The accompanying table gives in brief the results of the experiments. The results were, however, repeated many times with different extracts and sera of vaccinated calves. As the tabulated results show, the quantity of immune bodies present in the serum of vaccinated calves is small, but since no bodies acting in the same manner as these were ever detected in the serum of non-vaccinated calves, and no inhibition of hsemolysis was produced by ox serum when used in amounts below 0.8 cubic centimeter, the conclusion is warranted that the serum of animals which have recovered from vaccinia contains specific antibodies capable of uniting with certain specific substances contained in extracts of vaccine pustules. In so far as our present knowledge permits us to account for the peculiar complement binding described above, we are justified in regarding the antibodies of the serum of vaccinated calves as of the nature of immune bodies. It is hoped that the results of the study of vaecinia may soon be extended to the study of variola.
The work described in this paper was begun in the PathologieM Laboratory of the Johns Hopkins University. I wish, therefore, to express my indebtedness, for many courtesies, to Professor Welch and Dr. Ford.
